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I City of Cincinnati  
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INTRCDUCTION 

Lnterest in f i n e  p a r t i c l e  po l lu t ion  began a long time ago. 
;'ollution Recorder has been used for many years  t o  determine atmospheric concentra- 
(ions of smoke. 
;ampler and denonstrated t h e  log ic  of drawing a r e l a t i v e l y  snail sample of air through 
i White f i l t e r  paper s t r i p  with a u t m a t i c  indexing and evaluating t h e  residue retained 

; e g e s t e d  by Hemeon i s  ca l l ed  t h e  Coh U n i t  and is defined as t h a t  quant i ty  of l i g h t  
icattering so l ids  producing andop t i ca l  density of .01 when measured by l i g h t  t rans-  
l jssion. 

he City of Cincinnati, Division of Air Pol lut ion Control, ea r ly  recognized the value 
'2 making continuous measurements of t he  non-settling pa r t i cu la t e s  in t h e  general 

(2) It k s considered tha t  t h e  soiling of light-colored surfaces i s  of p a r t i c u l a r  i n t e r e s t  
nd t h a t  t h e  evaluation o f  t h e  s t a i n  by l i g h t  ref lectance i s  preferable  t o  t rans-  
i s s ion .  
6 i l  was christened the  Rud (Reflectance U n i t  of D i r t ) ,  t h e  Rud value being t h a t  
uan t i ty  of l i g h t  s ca t t e r ing  s o l i d s  producing an o p t i c a l  densi ty  of 0.01 when measured 

$d o r  Coh values a re  f u r t h e r  standardized t o  a uni t  volume of air f i l t e r e d  through 
The r e su l t an t  values have become known a s  t h e  S o i l i . ~ ~  Index 

3) o f  t h e  atmosphere, and a r e  generally reported as Ruds or Cohs per lo00 l i n e a r  f e e t  
f air, equivalent t o  f i l t e r i n g  loo0 cubic f e e t  of air through one square foot of 
i l t e r  area.  

I n  England, t h e  Owens 

Early i n  t h e  1950's Haneon developed t h e  AIS1 automatic smoke 

the paper by op t i ca l  means. (1). The uni t  of measurement of t h e  resul tant  sample 

osphere and has maintained several  such monitoring s t a t i o n s  s ince 1952. 

In  order t o  d i f f e r e n t i a t e  the r e s u l t s  obtained by reflectance,  t h e  uni t  of 

l i g h t  reflectance.  

unit area of f i l ter .  

NEED FOR A METHOD OF QUANTITATING SKIKE EMISSION 

!e snoke plume from t h e  incomplete combustion of t h e  v o l a t i l e  mat ter  i n  f o s s i l  f u e l s  
Most black snoke an important source of f i n e  p a r t i c l e s  i n  m a n y  urban atmospheres. 

umes f r o m  combustion sources contain only an infinitesimal weight of pa r t i cu la t e  
ter  even though a t  times such plumes appear t o  be s o l i d  black. The opacity is 

t o  t h e  presence i n  the  snoke plme of a tremendous number of sub-micron carbon 
t i c l e s  which have a highly e f fec t ive  l i g h t  s ca t t e r ing  e f f e c t  but contribute l i t t l e  
the mass of the emission. 
ght concentration i s  not a p r a c t i c d  measuranent and a u t h o r i t i e s  r e l y  almost uni- 
sally on subjective evaluation such as t h e  Ringehann Chart. 

Therefore, quant i f icat ion i n  mass emission units or 

THE SOILING PDTEWIAL METHOD APPLIED TO SmILE PLUME MEASUREMENT 

?view of the success i n  quant i ta t ing the  build-up of f i n e  p a r t i c l e s  i n  cormnunity 
spheres by the s o i l i n g  index method it appears o n l y  l o g i c a l  t h a t  this same method 

I 
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t -- - -------.- 
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( fuel . )  I 
I 1 d - . - -  

could be applied t o  evaluating the  source strength o f  snoke flumes i n  objective units, 
Such objective units could then be used i n  the  developnent of emission inventories, 
i n  cause and effect studies, and i n  se t t ing  objective performance c r i t e r i a  for cambus- 
t i on  equipnent . 
The >z-:Li,T between weight units and optical  un i t s  is i l l u s t r a t ed  i n  Table I. 
be seen that  f o r  every mass unit there i s  a correspcrding opt ica l  unit. 

It can 
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DILUTION 
AIR 

I 

SCHEMATIC O I A G R A M  OF 

S O I L I N G  POTENTIAL SAMPLER 
(h/(ODEL #&) 

Figure 1 

Figure 2 



FIELD TESTING 

To date  17 tests have been made on 9 d i f fe ren t  plants  ranging frm a mall 70 H.P. 
s t e e l  f i re  tube boiler,  f i r e d  by a single r e t o r t  underfeed stoker, serving a school 
heating load t o  a 225,000 lb .  water tube boiler,  f i red  by pulverized f u e l  burner, serv- 
ing  an i n d u s t r i a l  steam processing load. 
of a newly ins ta l led  boi le r  was discarded because t h e  operating conditions were not 
considered typical.  

The average value of so i l ing  potential  per cubic foot  of stack gas f o r  16 t e s t s  was 
1.10 Ruds-ft2/cu.ft. with a m h m  of 7.4 and a min imum of .05. 
per pound of coal burned was an average of 134 with i250 maximum and 9 m i n i m m .  
3 shows the  average soi l ing potent ia l  f o r  t h e  9 d i f fe ren t  plants  tes ted while Table I1 
slmrmarizes t h e  r e s u l t s  of t h e  16 tes t s .  

One t e s t  on one plant taken during start-up 

1 
I 

The soil ing potential  
Figure ' 

SOILING POTENTIAL VS VISIBLF, Sl43KE 

There appears to  be good correlat ion between t h e  soi l ing potent ia l  and opacity of 

F'lant No. 9 contains a newly ins ta l led  85,000 l b .  steam/hr. water tube boiler f ired by 
a t ravel ing grate  sFreader s toker .  
co l lec tor  with decanting re-injection and a good over-fire-air moke consuming system. 
The combustion controls include a Bailey recording snoke meter. 

During the test 300 samples were taken one each minute or l e s s  f o r  4$ hours. 
were made from the smoke meter char t  once each minute and periodic observations o f  
t h e  v is ib le  plume were made and recorded as Ringelmam Numbers. 

F igure  4 shows a p lo t  so i l ing  potent ia l  values i n  Rud-ft2/cu.ft. of stack gas versus 
time. 
The individual observations are  indicated by c i rc les .  
l e n t  and sensi t ive correlat ion while s t a t i s t i c a l  analysis shows a correlation coefficien 
of .9G (5). 

Another type of t e s t  was run on Flant 4. A c i t y  air pollution inspector made snoke 
observations f rom a post about 114 mile from the  stack. 
he recorded the  opacity of the  plume i n  Ringelmann numbers on 1/4 minute intervals.  
The observed snoke i s  p lo t ted  against SOD values i n  Rud-ft2/cu.ft. i n  Figure 5 and 
again it can be seen tha t  a general correlat ion between soil ing potent ia l  and observed 
opacity e f i s t s  for  this  one plant.  

j 

i 
I 

plume for  any one plant.  
/ 

I 
The plant i s  equipped with a noderate draf t  l o s s  

i 
I 

Readings 

Directly above i s  t h e  p lo t  of the  smoke recorder values as percent of chart. 
Visual comparison shows excel- 

Using conventional procedures 

SOILING POTENTIAL FOR EKESION INVENTORY FOR COMBUSTION SMOKE PLUMES 

Soiling potential  per pound of fue l  burned wi l l  lend i t s e l f  readi ly  t o  an emission 
inventory o f  smoke p a r t i c l e s  f r m  incmple te  canbustion of t h e  vola t i les  i n  t h e  fuel  
burned i n  any given area.  
o f  representative equipnent under a l l  operating conditions t o  obtain a s t a t i s t i c a l  
average. 
t o t a l  contribution o f  incomplete canbustion of this f u e l  to the  dark par t ic le  soil ing 
index of the  general atmosphere can be calculated. 

It is  only iecessary t o  make suff ic ient  nmbers of t e s t s  

Then, by knowing the t o t a l  f u e l  burned i n  any s ignif icant  un i t  of time the 

Thz Ch:cir%it' ,  5ivisio~ nf Air Pollution Control in cooperation with the  Meteorologfcd 
Section of FlS, Division of A i r  Pollution a t  Taft  Center i n  Cincinnati, explored t i u s  

prmedure which produced encouraging resu l t s .  A ra ther  accurate estimate was made of 
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l a l  consumed i n  one segment of t h e  c i t y  between 6:W and 9:OO a.m. on a cold day.. A 
I)m value of 500 Rud-ftZ/Z/lb. coa l  burned w a s  used and t h e  t o t a l  emission i n  Rud-ft2 
Aween 8 : O O  and 9:oO a.m. from all coal  burning sources was calculated.  Then using 
le working equation reported Clarke ( 6 )  in h i s  developent  of a simple d i f fus ion  
l d e l  f o r  calculat ing point concentrations from mult iple  sources, t he  expected snoke 
5 r t i c l e  concentration (Soi l ing Index) in t h e  general  atmosphere w a s  determined. 

le calculated values of so i l ing  index-for  the Downtown Cincinnati S t a t ion  with l i g h t  
U winds and s l igh t ly  s t ab le  atmosphere w a s  1.4 Rud-ft2/10(i0 cu . f t  . 
id fo r  moderate MXW winds with neut ra l  condition was .4 Rud-ft2/1000 cu.f t .  
mil iar  with so i l ing  index measurements i n  the general  atmosphere w i l l  recognize such 
..lues a s  being representat ive of l e v e l s  measured i n  many communities. 

(Rud/lOOO f t )  
Those 

SUMURY - USES & ADVAWAGES OF THE SOP0 METHOD OF SMOKE M3ASUREMEJT 

11 sumnary the re  i s  strong indica t ion  t h a t  the so i l i ng  po ten t i a l  method of  quant i ta-  
ing  smoke plume values w i l l  produce r e l i a b l e  information which can be used i n  a number 
f d i f f e ren t  f i e l d s  r e l a t ed  t o  t h e  so i l ing  of l i g h t  colored surfaces  by dark colored 
Jb-micrcn make par t ic les .  

. It produces sensi t ive,  reproducible, object ive quant i ty  measurements of  smoke ' 

\ 

p a r t i c l e s  resul t ing from incomplete c a b u s t i o n  of t h e  v o l a t i l e  matter i n  f o s s i l  
fue ls .  

' The resu l tan t  neasurements a re  i n  tem.s of concent ra t im:  1 cubic foot  o f  combustion gas (Rud-ft2/cu.ft.) o r  r a t e  
of f u e l  input (Rud-ftZ/lb. coa l ) .  

The resu l t ing  value of  so i l ing  po ten t i a l  per v n i t  of fue l  
t a t i n g  the mis s ion  per un i t  of time from single o r  mult iple  sources within an 
area by simple a r i t h e t i c  calculat ions.  The summation of source strengths, i n  
the same t e rns  a s  the measurement of the  r e su l t an t  so i l i ng  index of t he  atmosphere, 
provides a ready means of estimating t h e  contr ibut ion of var ious combustion sources 
t c  t h e  t o t a l  build-up of f i n e  p a r t i c l e s  i n  t h e  atmosphere. 
invaluable i n  estimating the  cor rec t ive  ac t ion  within an a rea  i n  order t o  reduce 
the f i n e  pa r t i c l e  po l lu t ion  i n  any a i r  pol lu t ion  cont ro l  e f f o r t .  

soiling potent ia l  per 
so i l i ng  po ten t i a l  per unit 

. ' 
1 

lends itself t o  quanti- 

Such infornat ion i s  

. I  
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APFENDIX 1 

CUULATING SOILING POTENTIAL VALUES - EXAMPLF; 

SAMPLE DnTA: Duration A i r  Flow Data 
of Sample Stack Dilution % Density of Spot, 

Sample Air A i r  Air C02 % Reflectance - -  - 
\ 5 min. .23 cfm .ll cfm 3.1 cfh ll.5 80 

CALCULATING VOLUME OF STACK GASES SL!GT.SD: 
1 

Dilution Ratio: .ll = .ll = .G34 
.Ll 7- 3.1 3 . 2  

- 
Volume of stack gases sampled: .23 cfm x 5 min. x .U34 = .039 cu.ft.  (Q) 

CI?LCULATING SOILING pOT!3lTIAL: 

Rud-ft2/ft3 = O.D. x 1cC A = .Ob54 sq.ft. (area o f  spot) CJk 

CLICUWTING Bud-f tdlb.  of COAL BURNED: 

Theoreticsl: 143 cu.f t .  c;f air required t o  burn 1 pound of coal. 
( fo r  c o a l  a t  l 4 , 5 5 0  BtuLlb.) 

U.5 $ CO2 = 5G Excess A i r  = 63 cu.ft. of &cess Air 

Total air per pound of coal = l.43 + 63 = 226 cu.f t .  

Then, 1.3 Rud-ft2/ft3 x 226 cu.ft.  = 294 Rud-ft2/lb. of coal 
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